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ABSTRACT 

High-frequency fluctuations of concentration in a plume dispersing in the atmospheric surface layer have 
been measured with high-resolution concentration detectors (approximately 270 Hz at the -6-dB point) to 
extract various concentration statistics of the fluctuating concentration field. Crosswind and alongwind variations 
of amplitude statistics (e.g., the total and conditional fluctuation intensity, skewness, and kurtosis), the inter
mittency factor, and the shapes of the concentration probability density function (PDF) are presented. The 
behavior of temporal concentration statistics such as the autocorrelation function; power spectrum; PDF of 
upcrossing intervals; PDF of excursion durations; various concentration timescales, length scales, and microscales 
(e.g., Taylor microscale, correlation scale, length scale based on the spectral peak, etc.); as well as the velocity
to-concentration timescale ratio are studied. It is shown that all the concentration length scales and microscales 
(with the exception of the correlation scale) grow with downwind distance in proportion to the mean 
plume width. 

1. Introduction 

The nature of fluctuations in concentration of a pas
sive scalar (e.g., pollutant contaminant) released into 
the turbulent flow field of the atmospheric surface layer 
is of critical importance in many industrial and envi
ronmental fluid mechanics problems, ranging from air 
quality control and regulation of hazards posed by the 
release of highly toxic or flammable gases to an un
derstanding of fast nonlinear physicochemical pro
cesses required for the design of efficient mixing and 
combustion devices. Recently, interest in the prediction 
of expected concentration fluctuation levels in plumes 
dispersing in the atmosphere has experienced a re
naissance. While the need to develop statistical models 
for the description of potential hazards resulting from 
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the accidental release of toxic or flammable gases into 
the atmosphere has been recognized for quite some 
time (e.g., Gifford 1959; Csanady 1967; Chatwin 
1982), fast-response concentration sensors required for 
the measurement and characterization of the fluctuat
ing concentration field have not been available until 
recently. This development of fast-response detectors 
has generated renewed interest in the detailed structure 
of dispersing plumes. 

Laboratory measurements of concentration fluctu
ations in a wind tunnel or water channel have been 
made by Fackrell and Robins ( l982a), Stapountzis et 
al. (1986), Deardorff and Willis (1988), and Bara et 
al. ( 1992). Although laboratory experiments have pro
vided the most extensive measurements of statistics in 
a dispersing plume to date, they are limited in the sense 
that the full range of large-scale eddy motions in the 
atmosphere and atmospheric conditions (e.g., diabatic 
conditions such as extreme stable stratification) cannot 
be properly modeled. Consequently, a number of full-
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